Schizophrenia patients exhibit perceptual and cognitive deficits, including in visual motion processing. Given that cognitive systems depend upon perceptual inputs, improving patients' perceptual abilities may be an effective means of cognitive intervention. In healthy people, motion perception can be enhanced through perceptual learning, but it is unknown whether this perceptual plasticity remains in schizophrenia patients. The present study examined the degree to which patients' performance on visual motion discrimination can be improved, using a perceptual learning procedure. While both schizophrenia patients and healthy controls showed decreased direction discrimination thresholds (improved performance) with training, the magnitude of the improvement was greater in patients (47% improvement) than in controls (21% improvement). Both groups also improved moderately but non-significantly on an untrained task-speed discrimination. The large perceptual training effect in patients on the trained task suggests that perceptual plasticity is robust in schizophrenia and can be applied to develop bottom-up behavioral interventions.
Introduction
Cognitive impairment is a core dysfunction in schizophrenia. Research in the past few decades has indicated that cognitive deficits extend to certain early perceptual processes (Green et al., 2009; Javitt, 2009) . Given that many cognitive processes and daily behaviors rely on perceptual processing, the improvement of deficient perception represents a potential primary step in behavioral intervention for schizophrenia patients; and the emerging evidence is promising. For example, perceptual training in the auditory domain has led to improvement of verbal working memory and cognition in patients (Fisher, Holland, Merzenich, & Vinogradov, 2009 ). It is unclear, however, whether cognitive improvements as a result of perceptual training are mediated through improvements in basic perceptual domains. To understand the underlying mechanisms, one may need to first examine the effects of perceptual training on perceptual processing itself.
Visual motion processing is deficient in schizophrenia (Chen, 2011) . Patients show poor performance discriminating the speed (Brenner, Wilt, Lysaker, Koyfman, & O'Donnell, 2003; Chen, Nakayama, Levy, Matthysse, & Holzman, 1999; Clementz, McDowell, & Dobkins, 2007; Kim, Wylie, Pasternak, Butler, & Javitt, 2006) as well as the direction of visual motion stimuli (Chen, Nakayama, Levy, Matthysse, & Holzman, 2003; Slaghuis, Holthouse, Hawkes, & Bruno, 2007; Stuve et al., 1997) . Brain abnormalities in motion processing have been found at levels ranging from basic neural circuitry (Chen, Norton, & Ongur, 2008; Tadin et al., 2006) to cortical systems (Chen, Grossman, et al., 2008; Wang, Brown, Dobkins, McDowell, & Clementz, 2010) . At present, it is unknown whether the visual motion processing deficit in schizophrenia can be ameliorated.
In healthy people, perceptual sensitivity to visual motion can be improved through training that involves extensive exposure to motion stimuli (Ball & Sekuler, 1982; Watanabe, Nanez, & Sasaki, 2001) . Enduring and consistent improvement in a perceptual task as a result of such training is known as perceptual learning (Gibson, 1963) . Perceptual learning is often specific to the stimulus features used in training (Gilbert, Sigman, & Crist, 2001 ). For example, subjects who have been trained on one direction of motion show increased sensitivity to the trained, but not to other, directions of motion (Ball & Sekuler, 1982) . This indicates that the perceptual learning process is primarily mediated by neuroplasticity in the early stages of perceptual systems, where encoding of the stimulus features is precisely localized (Gilbert et al., 2001; Hua et al., 2010) . Neuroimaging studies have provided further evidence showing that training-induced performance improvement on a visual discrimination task is associated with increased neural activation in visual processing areas like the striate cortex (Schwartz, Maquet, & Frith, 2002; Yotsumoto et al., 2009 ). Single cell recording studies in monkey also indicate that the biological basis of perceptual learning is linked to neuroplasticity in the sensory cortex (e.g., Zohary, Celebrini, Britten, & Newsome, 1994 
